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(57) ABSTRACT

An 1mjection 1s carried out under a certain molding condition
with a nozzle 1n an injection molding machine left open to
sample an 1njection pressure Pr in every certain cycle for
storing. Detected pressure data Pr(0) to Pr(N) for one shot is
stored as reference pressure data Pr(0) to PrO(N). When
defective molding occurs or when a resin lot 1s changed or
the like, the 1njection 1s carried out with the nozzle left open
under the same molding condition as that used in obtaining
the reference pressure data to obtain the detected pressure
data Pr(0) to Pr(N). Waveforms of the detected pressure data
Pr(0) to Pr(N) and reference pressure data PrO(0) to PrO(N)
are graphically represented so that variation of the molding
condition 1s observed. It 1s assumed that if there are any
differences, a problem resides in the resin, while 1f there 1s
no difference but the defective molding occurs, the problem
resides 1n a mold.

28 Claims, 5 Drawing Sheets
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METHOD FOR DETERMINING MOLDING
CHARACTERISTIC AND INJECTION
MOLDING MACHINE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for determining,
molding characteristic and an 1njection molding machine
which facilitates identifying a problem when a molding
trouble occurs during molding by the injection molding
machine.

2. Description of the Prior Art

When a trouble such as defective molding occurs during
injection molding by an injection molding machine, it is
impossible to determine whether the trouble 1s caused by the
molding machine, resin or a mold, which requires exami-
nation of its cause one by one. In a case where a problem
resides 1 the molding machine, especially 1n a check valve,
a degree of friction 1s measured by taking out a screw.

The resins of the same kind have different resin properties
between their lots or by differences of drying temperature,
fime for being left or mixing ratio of regenerant, which
requires the examination of the resin properties.
Conventionally, the resin properties are examined using a
special measuring apparatus.

In the case where neither the molding machine nor the
resin has the problem, then the mold 1s examined for finding
the cause of the molding trouble.

As described above, when trouble such as the defective
molding occurs, 1t 1s 1impossible to determine whether the
trouble 1s caused by the molding machine, resin or mold, so
that the examinations of the cause have to be carried out at
random, which takes time to solve the problem.

OBIJECTS AND SUMMARY OF THE
INVENTION

The present invention has 1ts object to provide a method
for determining molding characteristic and an 1njection
molding machine which can determine, when a trouble
occurs 1n the 1njection molding machine, whether the trouble
1s caused by a molding machine, resin or a mold.

In order to achieve the above object, the present invention
injects resin with a nozzle 1n an injection molding machine
left open to detect an 1njection pressure produced at that time
by a pressure sensor, stores a pressure data detected by the
pressure sensor as reference pressure data together with the
screw position data or the lapse of time 1n storing means, and
obtains a detected pressure data with respect to the screw
position or time when the resin having a different condition
such as difference of resin lots, difference of drying
temperature, difference of mixing ratio of regenerant or
difference of time for being left 1s injected with the nozzle
left open under the same molding condition as that used in
an 1njection with the nozzle left open. Variation of molding
characteristic 1s determined by displaying the detected pres-
sure data and the reference pressure data stored 1n the storing
means on displaying means.

Further, resin 1s injected with a nozzle left open under
cach molding condition in compliance with scheduled mold-
ing condition to obtain reference pressure data under each
molding data to be stored in storing means, and the resin
having a different condition 1s 1njected with the nozzle left
open under a certain or an optional molding condition in
obtaining the reference pressure data to obtain detected
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pressure data and to determine variation of molding char-
acteristic by displaying the reference pressure data having
the same molding condition as that used in obtaining the
detected pressure data and the detected pressure data on
displaying means. If reference pressure data includes no data
having the same molding condition, the reference pressure
data with respect to the corresponding molding condition 1s
found by interpolating from each reference pressure data
stored 1n the storing means to be displayed.

Moreover, with respect to resin having a different
condition, each detected pressure data 1s obtained under the
same scheduled molding condition as in obtaining the ref-
erence pressure data to display the detected pressure data
and the reference pressure data stored in the storing means

correspondingly to the molding condition on the displaying
means to determine variation of the molding characteristic.

The molding condition scheduled includes at least con-
ditions of temperatures of a nozzle and a cylinder and a
condition of injection speed. Data such as the molding
condition 1n obtaining the data, date, kind of the resin are

simultaneously stored when the reference pressure data is
detected to be stored.

A controller of the injection molding machine 1s con-
nected to the personal computer by communication means,
the reference pressure data i1s stored in the storing means
provided on the personal computer, and the reference pres-
sure data and detected pressure data are nput in the personal
computer to be displayed on said displaying means. In this
case, data such as a code for identifying the molding
machine, the molding condition 1n obtaining the data, date,
kind of the resin are simultaneously stored together with the
reference pressure data.

In order to automatically determine the molding charac-
teristic described above, an injection molding machine 1is
provided with a pressure sensor for detecting an injection
pressure; storing means for injecting resin with a nozzle in
an 1njection molding machine left open to store a pressure
detected by said pressure sensor as reference pressure data
together with the screw position data or the lapse of time;
and comparing means for outputting an alarm when detected
pressure data with respect to the screw position and time
obtained by injecting the resin having a different condition
with said nozzle left open under the same molding condition
as that used m an injection with said nozzle left open

exceeds setting monitoring width of said reference pressure
data.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects and features of the
invention will become apparent from the following descrip-
tion of preferred embodiments of the invention with refer-
ence to the accompanying drawings, in which:

FIG. 1 1s a schematic view of an embodiment of an
injection molding machine to which a method for determin-
ing molding characteristic according to the present invention
1s applied;

FIG. 2 15 a block diagram of a controller according to the
embodiment;

FIG. 3 1s a flow chart of a process of obtaining reference
pressure data according to the embodiment;

FIG. 4 1s an example of a graphic representation of the
reference pressure data and detected pressure data for deter-
mining the molding characteristic according to the embodi-
ment,

FIG. 5 1s a flow chart of a process of determining
defective molding characteristic according to the embodi-
ment; and
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FIG. 6 1s a flow chart of a process of obtaining the
reference pressure data by changing a molding condition
with a schedule according to the embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 1s a schematic view of an injection mechanism of
an 1njection molding machine using a method for determin-
ing molding characteristic according to the present 1inven-
fion.

In this figure, reference numeral 1 denotes a mold; 2, a
cylinder; 3, a screw; 4, a hopper for supplying the cylinder
with pellets of resin; 5, a front plate which forms the
injection mechanism; 6, a rear plate. In addition, a plurality
of guide bars 7 1s provided between the front plate 5 and the
rear plate 6, and a pressure plate 8 guided by the guide bars
7 1s arranged movable back and forth (right and left in the
figure).

The pressure plate 8 1s rotatably mounted with a base of
the screw 3. The base of the screw 3 1s mounted with a pulley
and the screw 3 1s rotatably driven by a servomotor M1 for
rotating the screw through a driving pulley, a timing belt and
the like. The pressure plate 8 1s mounted through a pressure
sensor (load cell) 9 with a ball nut 10. The ball nut 10 is
screwed on a ball screw 11. The ball screw 11 1s rotatably
driven by a servomotor M2 for injection through the driving
pulley, timing belt and a driven pulley.

The cylinder 2 and a nozzle 12 are mounted with a band

heater and a temperature sensor 13 for detecting tempera-
tures of the nozzle and heater.

In an 1njection process, the servomotor M2 for injection
is driven to rotate the ball screw 11, to move forward (left
in FIG. 1) the nut 10 screwed on the ball screw 11 and the
pressure plate 8 and to also move forward the screw 3 to
inject melted resin from the cylinder 2 1mto a cavity of the
mold 1. At this time, an injection pressure 1s detected by the
pressure sensor (load cell) 9.

FIG. 2 1s a block diagram of a controller 20 of this
injection molding machine.

The controller 20 has a CPU 35 for CNC which 1s a
microprocessor for controlling numerical values, a CPU 31
for PMC (Programmable Machine Controller) which is a
microprocessor for a programmable machine controller, a
CPU 32 for servo which 1s a microprocessor for servo
control and a CPU 30 for pressure monitor which samples
signals from the pressure sensor 9 through an A/D trans-
ducer 22 to be stored in a RAM 24. Information can be
transmitted between each microprocessor by selecting
mutual input and output through a bus 41.

Connected to the CPU 31 for PMC are a ROM 2§ which
stores a sequence program or the like for controlling
sequence operation of the 1njection molding machine and a
RAM 26 used for temporary storage or the like of calculated
data. Connected to the CPU 35 for CNC are a ROM 37
which stores an automatic operation program or the like for
totally controlling the injection molding machine and a
RAM 38 used for the temporary storage of the calculated
data.

Connected to the CPU 32 for servo are a ROM 27 which

stores a control program exclusively for the servo control
which deals with a position loop, speed loop and current
loop and a RAM 28 used for the temporary storage of the
data. Connected to the CPU 30 for pressure monitor are a
ROM 23 which stores a control program of control effected
by the CPU 30 for pressure monitor and the above described
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RAM 24 which stores the pressure or the like detected by the
pressure sensor 9. Further connected to the CPU 32 for servo
1s a servo amplifier 29 which drives the servomotor of each
shaft for such functions as clamping, the injection, the
rotation of the screw and an e¢jector, and output from a

position/speed detector mounted on the servomotor of each
shaft 1s fed back to the CPU 32 for servo.

The current position of each shaft 1s calculated by the
CPU 32 for servo on the basis of the feedback signal of
position from the position/speed detector 21 and renewable
stored 1n a register for storing the current position of each
shaft. FIG. 2 shows, among the shafts, only the servo
amplifier 29, the servomotor M2 and position/speed detector
21, which relate to the shaft for the injection, however, the
same applies, 1n their configuration, to the servo amplifiers,
servomotors and position/speed detectors which relate to
individual shafts for rotation of a screw, mold clamping, and
moving of an 1njection mechanism.

An 1interface 33 1s an mput and output interface for
receiving signals from the temperature sensor 13, a limat
switch and a control panel provided on each part of a body
of the 1njection molding machine and transmitting various
commands to peripheral equipment or the like of the injec-
fion molding machine.

A manual data mput unit 39 with displaying means
constituted by CRT or liquid crystal 1s connected to the bus
41 through a displaying circuit 36, which can carry out
selection of graph display screens or function menus and
input operation of various data. The manual data mput unit
39 1s provided with a numeric keypad for inputting data of
numerical values and various function keys. Reference
numeral 40 denotes a communication interface and the
controller of the injection molding machine 1s connected to
a personal computer via the interface 440.

A RAM 34 for storing data constituted by a nonvolatile
memory 1s a memory for storing molding data which stores
molding conditions, various setting values, parameter,
macro parameter or the like with respect to the injection
molding operation. In relation to the present invention, the
reference pressure data are stored 1n the RAM 34 for storing
data.

According to the above configuration, the CPU 31 for
PMC controls the sequence operation of the whole 1njection
molding machine and the CPU 35 for CNC distributes a
movement command to the servomotor of each shaft on the
basis of the molding condition stored in an operation pro-
oram of the ROM 37 or the RAM 34 for storing data. As has
conventionally done, the CPU 32 for servo carries out the
servo control such as the position loop control, speed loop
control and current loop control, namely digital servo
processing, on the basis of the movement command distrib-
uted to each shaft and the feedback signals of the position

and speed detected by the position/speed detector 11 and the
like.

The above described configuration i1s substantially the

same as that of a controller of an electric injection molding
machine.

In this embodiment, the molding characteristic depending,
upon the resin to be used 1s easily determined. In order to
achieve 1t, the pressure data to be referenced 1s first obtained.

For the molding condition such as injection speed, hold
pressure, measuring condition and temperatures of the cyl-
inder and nozzle, a certain condition may be used. The
molding condition during a good molded product being
obtained may be used. The injection mechanism 1s moved to
separate the nozzle 12 from the mold and to thereby leave
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the nozzle open. Then a process for obtaining the reference
pressure data 1s started.

FIG. 3 1s a flow chart of the pressure sampling process for
obtaining the reference pressure data, carried out by the CPU
30 for pressure monitor.

When the 1njection 1s started, sampling number N corre-
sponding to preset maximum 1njection time 1s set in the
register (step Al). An index n is set to “0” (step A2) to read
a current injection pressure Pr detected by the pressure
sensor 9 through the A/D transducer 22 and to read screw
position data SP from a current position storing register for
storing the current screw position (step A3). The read current
injection pressure Pr and the screw position data SP are

stored in the RAM 24 as Pr(n) and SP(n) (step A4).

Then, 1t 1s determined whether the index n reaches the
setting sampling number N (step AS) and if not, the index n
is subjected to increment by “1” (step A6), returning to the
step 3.

Thereafter, the processes from the steps 3 to 6 are carried
out 1 every sampling cycle. When the index n reaches the
setting sampling number N, injection pressure data Pr(1) to
Pr(IN) and screw position data SP(1) to SP(N) stored in the
RAM 34 are stored as the reference pressure data PrO(1) to
PrO(N) and reference position data SPO(1) to SPO(N) in the
RAM 34 for storing data constituted by the nonvolatile
memory. At this time, a molding machine code 1s also stored
which 1dentifies the molding condition, date, kind of the
resin and the injection molding machine (step A7). In this
case, the pressure data may be stored as the reference
pressure data of a function of position, corresponding to the
screw position, however, the reference pressure data corre-
sponding to the screw position 1s actually obtained by
storing the injection pressure data Pr(1) to Pr(N) and the
screw position data SP(1) to SP(N) in each sampling.

The reference pressure data and pressure position data
may be obtained by a plurality of injections rather than one
injection with the nozzle left open. In this case, the processes
of steps Al to A7 are carried out in every injection. In the
step A7, the number of 1njections 1s counted by a counter and
if 1t does not reach the setting number, the 1njection pressure

data Pr(1) to Pr(N) and the screw position data SP(1) to
SP(N) are stored in another memory of the RAM 24 or the
RAM 34 for storing data.

When the number reaches the setting injection number, an
average ol each sampling of the stored injection pressure
data Pr(1) to Pr(N) is found and a group of the data
consisting of the average values 1n each sampling 1s stored
as the reference pressure data PrO(1) to PrO(N) in the RAM
34 for storing data. Alternatively, the injection pressure data
Pr(1) to Pr(N) is stored in the RAM 34 for storing data in the
form of the average of the pressure data corresponding to the
screw position obtained on the basis of respective screw
position data SP(1) to SP(N) as the reference pressure data
which 1s a function of position.

On the other hand, in order to examine the molding
characteristic when the molding trouble occurs such as the
occurrence of the defective molding form during repeating
the molding cycle, or when the resin lot 1s changed, the
nozzle of the injection molding machine described above 1s
left open to carry out the injection under the same molding
condition as that used 1n obtaining the reference pressure
data. Then, 1n the same sampling cycle as i1n the process
shown 1n FIG. 3, the injection pressure detected by the
pressure sensor 9 1s obtained 1n the RAM 24 as the pressure
data Pr(1) to Pr(N) and simultaneously the screw position

data SP(1) to SP(N) 1s obtained.
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Then, the pressure data Pr(1) to Pr(N) stored in the RAM
24 and the reference pressure data PrO(1) to PrO(IN) stored in
the RAM 34 for storing data are read out and displayed on
the display screen of the manual data mput unmit 39 with
displaying means. FIG. 4 1s a graphical representation of the

above mentioned reference pressure data PrO(1) to PrO(N)
and detected pressure data Pr(1) to Pr(N). At this time, the

molding machine code 1s also displayed for confirmation
which i1dentifies the molding condition, date, kind of the
resin and 1njection molding machine stored together with the
reference pressure data.

When compared by the pressure data with respect to the
screw position, the pressure data Pr(1) to Pr(N) with respect
to the screw position data SP(1) to SP(N) stored in the RAM
24 is displayed and the reference pressure data PrO(1) to
PrO(N) with respect to the reference position data SPO(1) to
SPO(N) stored in the RAM 34 for storing data is displayed

to be compared.

When two wavetorms displayed on the display screen are
substantially the same, 1t means that neither the resin nor the
injection molding machine has problems. However, if the
defective molding occurs when molding 1s carried out using
the resin under the molding condition where good molded
products were obtained with the resin for which the refer-
ence pressure data was obtained, 1t 1s determined that a
defective mold 1s the cause. When the waveforms of the
reference pressure data PrO(1) to PrO(N) and pressure data
Pr(1) to Pr(N) are different, it 1s determined that there is a
problem 1in the resin or the imjection part or the like 1n the
injection molding machine.

Even 1n the case of the same kind of resin, the resin
properties vary by various reasons such as the difference 1n
the lots 1n production of the resin, difference in degree of
drying of the resin, difference 1n storing condition of the
resin, difference in lapsed time after the production of the
resin and difference 1n mixing ratio of the regenerant so that
molding under the same molding condition cannot always
produce the good molded product and that the defective
molding may occur.

When the molding machine 1s aged to have a worn screw
or defect 1n a check valve mounted on a tip of the screw,
molding under the same molding condition and by use of the
same kind of resin cannot always produce a good molded
product. Using another molding machine similarly specified
cannot always produce a good molded product 1in conse-
quence of the difference between the machines.

For this reason, when the molding machine has no prob-
lem and the resin properties have no differences, the pressure
data Pr(1) to Pr(N) is obtained with the nozzle of the
injection molding machine left open under the same molding
condition as that used 1n obtaining the reference pressure
data. The pressure data Pr(1) to Pr(N) becomes substantially
identical to the reference pressure data PrO(1) to PrO(IN) so
that two display waveforms which display each data
becomes substantially identical. However, if the waveforms
are not substantially identical, it is determined that the
molding characteristic 1s different and that there is the
problem 1in the resin or the molding machine.

The controller of the injection molding machine may set
a monitoring width with respect to the reference pressure
data PrO(1) to PrO(N) and raise an alarm when the detected
pressure data Pr(1) to Pr(N) exceeds the monitoring width.
Namely, a lower limit width PBL and an upper limit width
are set 1n advance with respect to the reference pressure data
PrO(1) to PrO(IN) and the injection is started with the nozzle
of the mjection molding machine left open. At that time, the
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pressure data 1s sampled 1n every sampling cycle to allow the
PMC processor 31 to carry out the process of determining
defection as shown 1 FIG. 5.

When the 1njection 1s started, the index n and a flag NG
are set to “0” (step B1). It 1s determined whether the current
pressure Pr 1s within the set monitoring width with respect
to the reference pressure data Pr0(n) or not by determining
whether the value of the current 1njection pressure Pr read
out 1s higher than the value obtained by subtracting the
setting lower width PBL from the reference pressure data
PrO(n) and lower than the value obtained by adding the
setting upper width PBU to the reference pressure data
PrO(n)(step B2).

When the current pressure Pr 1s within the monitoring
width, 1t 1s determined that whether the index n reaches the
setting sampling number N (step B3) and if not, the index n
is subjected to increment by “1” (step B4), returning to the
step B2 to repeat the processes of the steps B2 to B4 1n every
sampling cycle.

However, when the detected current pressure Pr 1s deter-
mined not to be 1n the monitoring width which 1s set with
respect to the reference pressure data PrO(n) in the step B2,
the flag NG is set to “1” (step BS), moving to the step B3.
When the flag NG 15 set to “1” 1n the step 3, the process may
be finished as 1t 1s.

When the defection flag NG 1s set to “17, the alarm 1s
raised by a lamp or warning sound.

In the above example, the process of determining the
defection as shown 1n FIG. § 1s carried out with the current
injection pressure being sampled. In addition to this, after a
shot is finished and the detected pressure data Pr(1) to Pr(N)
of the shot 1s stored 1n the RAM 24, the process in FIG. 5
may be carried out to determine the defection. In this case,
the only difference from the above example 1s that the
current pressure Pr becomes the detected pressure data Pr(1)
to Pr(N) corresponding to the index n.

In the above embodiment, one reference pressure data
PrO(1) to PrO(N) is obtained under a certain molding
condition, and the injection pressure obtained when the
injection 1s carried out with the nozzle left open under the
same molding condition as this 1s compared with the refer-
ence pressure data to determine the molding characteristic.

Next, a second embodiment will be described below
which can compare the pressure data under a plurality of
molding conditions to precisely determine the molding
characteristic and also can determine the molding charac-
teristic with respect to optional molding conditions.

FIG. 6 1s a flow chart of a process according to the second
embodiment where a plurality of molding conditions are
scheduled to obtain, under each molding condition, the

reference pressure data PrO(1) to PrO(N) and the reference
position data SPO(1) to SPO(N).

In the second embodiment, at first, a plurality of setting
temperatures T(0) to T(Y) and a plurality of setting speeds
V(0) to V(X)) are set with respect to the cylinder and nozzle
and are stored in the RAM 34 for storing data 1in advance.

When the injection unit for the 1njection molding machine
1s moved backward to open the nozzle and to input a
command for obtaining the reference pressure data, the CPU
31 for PMC sets the index 1 and j to “0” (step C1). The set
temperature T(1) (T(0) at first) is read out to be set as the
setting temperature T 1n a memory for setting the molding
condition 1n effecting the molding operation. The tempera-
ture 1s started to be raised at the set temperature T (steps C2

and C3).
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When the temperature Ta detected from the temperature
sensor 13 through the mput and output interface 33 reaches
the setting temperature T (step C4), the speed V(1) (V(O) at
first) is read out to be set as the setting speed V in the
memory for setting the molding condition (step CS§).

Then, the injection is started at this setting speed V (step
C6). Before completion of the injection, as in the same
process shown 1 FIG. 3, the CPU 30 for pressure monitor
samples the injection pressure detected by the pressure
sensor 9 to be stored 1n the RAM 24 as the pressure data

Pr(1) to Pr(N) and simultaneously the screw position data
SP(1) to SP(N) 1s stored (steps C7 and C8).

After the completion of the 1njection, the detected pres-
sure data Pr(1) to Pr(N) and the screw position data SP(1) to
SP(N) stored in the RAM 24 are stored in the RAM 34 for
storing data as the reference pressure data PrO(1) to PrO(N)
and the reference position data SPO(1) to SPO(N). At this
fime, the temperature, speed or other molding conditions,
date of obtaining the data and kind of the resin are also
stored corresponding to the reference pressure data PrO(1) to
PrO(N) (step C9).

Next, the injection unit 1s moved forward to abut the
nozzle against a flat plate mounted instead of the mold to
close an opening of the nozzle. Then, the measuring process
1s carried out, and after the completion of the measurement,
the 1njection unit 1s moved backward to leave the nozzle
open (steps C10 to C12). The index 1 is then subjected to
increment by “1” (step C13) and it is determined whether the
index 1 exceeds the setting value X (step C14) and if not,
returning to the step C5, and the next set speed V(1) is set in
the memory for setting the molding condition to carry out
the injection at this speed V (=V(1)) (steps C5 and C6), and
thereatter, the processes from the steps C7 to C14 are carried
out. The processes from the steps C35 to C14 are repeated
before the index 1 exceeds the setting value X to obtain (1+x)
reference pressure data and corresponding position data at
the setting temperature T(j) (=T(0)) and at respective speed
V(o) to V(x).

Herealter, a data group of the reference pressure data
Pro(1) to PrO(N) obtained under the molding condition of
the setting temperature at 17 and setting speed at Vi is
referred to as PT(j,1) and a data group of the reference

position data SPO(1) to SPO(N) 1s referred to as PT(j,1).

Next, when the index 1 1s determined to exceed the setting,
value X in the step C14, the index j 1s subjected to 1ncrement
by “1” to determine whether the 1ndex j exceeds the setting
value Y and if not, the mndex j 1s subjected to increment by
“1” (steps C15 to C17) to carry out the processes after the
step C2. Namely, the setting temperature T(j) shown by the
index j 1s read out to be set in the memory for setting the
molding condition and to carry out the injection at this
temperature.

In the step C16, the processes of the steps C2 to C17 are
repeated before the index 1 exceeds the setting value Y, and
when the index 7 exceeds the setting value Y, a group of
(x+1)x(y+1) reference pressure data PT(0,0) to PT(0,x),
PT(1,0) to PT(1,x) . . . PT(y,0) to PI(y,x) and a group of
(x+1)x(y+1) reference position data ST(0,0) to ST(0,x),
ST(1,0) to ST(1,x) . .. ST(y,0) to ST(y,x), in which molding
conditions are changed (temperature and injection speed are
changed) on the basis of the schedule, are obtained.

After obtaining and storing the (x+1)x(y+1) groups of
reference pressure data PT(j,1) and (x+1)x(y+1) groups of
reference position data ST(j,1) in this way, when determining
the molding characteristic, any of the (x+1)x(y+1) groups of
reference pressure data PT(j,1) are selected to carry out the
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injection under the same molding condition as that used 1n
obtaining the selected reference pressure data PT(j,1) for
determining the molding characteristic.

The molding characteristic 1s determined by displaying,
as a function of time, the selected reference pressure data
PrO(1) to PrO(N) and the pressure data Pr(1) to Pr(N)
detected at that time on the screen of the displaying means
as shown in FIG. 4. In the display of the pressure with
respect to the screw position, the horizontal line 1s taken as
the position to display the selected reference pressure data
PrO(1) to PrO(N) and the pressure data Pr(1) to Pr(N) with
respect to the reference position data SPO(1) to SPO(N) and
the screw position data SP(1) to SP(N).

When the precise molding characteristic 1s desired to be
grasped, the 1njection 1s also carried out, with the nozzle left
open, for the resin of which molding characteristic 1s to be
orasped 1n the same schedule as shown 1n FIG. 6 under the
same condition where the reference pressure data was
obtained. The pressure data Pr(1) to Pr(N) are respectively
obtained and the reference pressure data PrO(1) to PrO(N)
and the detected pressure data Pr(1) to Pr(N), which were
obtained under the same molding condition, are graphically
displayed 1n pairs on the displaymmg means, thereby the
molding characteristic being grasped.

Further, 1n the case where there 1s no reference pressure
ata having the same molding condition as in trying to
etermine the molding characteristic, the reference pressure
ata corresponding to the molding condition in trying to
etermine the molding characteristic 1s created by interpo-
ating from the reference pressure data already found.

For example, when there 1s no reference pressure data
having the setting temperature at Ta and the injection speed
pattern at Va and when the molding characteristic 1s to be
determined under the molding condition of the setting
temperature Ta, the injection speed pattern Va and other
molding conditions identical to those of the reference pres-
sure data, the reference pressure data is selected which has
a relationship of the setting temperature at Tk<Ta<Tk+1 and
the speed at Vq<Va<Vqg+1, Vq'<Va<Vq'+1 (when compared
corresponding to the screw position, the pressure data cor-
responding to the screw position 1s taken as each selected
reference pressure data, which 1s obtained on the basis of the
reference position data corresponding to the selected refer-
ence pressure data). That is, two reference pressure data
Pt(Tk, Vq) and Pi(Tk, Vg+1) at set temperature Ta and speed
Vq and Vg+1 in the molding condition and two reference
pressure data Pt(Tk+1, Vq') and Pt(Tk+1, Vq'+1) at set
temperature Tk+1 and speed Vq' and Vqg'+1 are selected.
With 1nterpolation from those four reference pressure data,
the reference pressure data at set temperature Ta and the
injection speed pattern Va can be obtained.

The sampling data of the reference pressure data PT(TK,
Vq), PT(Tk,Vg+1), PT(Tk+1,Vq'), PT(Tk+1,Vq'+1) are rep-
resented as PrOk,q (n), PrOk,q+1(n), PrOk+1,q'(n), PrOk+1,
q'+1(n), and the sampling data Pr0a,a (n) of the reference
pressure data PT(Ta,Va) found by interpolating therefrom

are found by the following formula (1). Here, “n” represents
values from 1 to N.

[—

PrOaa(n)=Pa2(n)+(Pa2(n)-Pal(n))x(Ta-Tk)/(Tk-Tk+1) (1)

wherein
Pal(n)=PrOk,q(n)+(PrOk, q+1(n)-PrOk,q(n))x(Va-Vg)/(Vg+1-Vqg)

Pa2(n)=PrOk+1,q'(n)+(PrOk+1,g"+1(n)-PrOk+1,4'(n))x(Va-Vg")/
(Vg'+1-Vq')

In each embodiment described above, the molding char-
acteristic 1s determined using the displaying means of the
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controller of the 1njection molding machine, alternatively,
the molding characteristic may be determined using display-
ing means of a personal computer. In this case, a plurality of
injection molding machines can be dealt with by one per-
sonal computer.

As described above, the reference pressure data PrO(1) to
PrO(N) and the reference position data SPO(1) to SPO(N)
corresponding thereto obtained are stored 1n the RAM 34 for
storing data 1n the controller of the imjection molding
machine 1n the embodiment described above. These refer-
ence pressure data and reference position data are transmit-
ted to a personal computer through the transmitting interface
40 together with the molding machine code for 1dentifying
the 1njection molding machine so that the reference pressure
data PrO(1) to PrO(N) and the reference position data SPO(1)
to SPO(N) are stored in storing means in the personal
computer together with the molding machine code.

That 1s, 1n the process shown 1n FIG. 3, the reference
pressure data PrO(1) to PrO(N) and the reference position
data SPO(1) to SPO(N) are transmitted to the personal
computer together with the molding condition, date, kind of
the resin and molding machine code 1n the step C7. In the
case where the reference pressure data i1s obtained by the
schedule shown 1n FIG. 6 under the various molding
conditions, the reference pressure data PrO(1) to PrO(IN) and
the reference position data SPO(1) to SPO(N) are transmitted
to the personal computer together with the molding
condition, date, kind of the resin and molding machine code
in the step C9 to be stored 1n the storing means of the
personal computer.

When the molding characteristic 1s determined, the
detected pressure data Pr(1) to Pr(N) and the screw position
data SP(1) to SP(N) are transmitted from the injection
molding machine to the personal computer together with the
molding machine code, and the personal computer graphi-
cally displays the detected pressure data Pr(1) to Pr(N)
transmitted and the reference pressure data PrO(1)) to PrO(N)
stored 1n the molding machine code transmitted in pairs on
the displaying means. Alternatively, these data are converted
to the pressure data with respect to the screw position and
are displayed. At this time, the molding condition, date, kind
of the resin and molding machine code are also displayed for
conflrmation.

When a plurality of reference pressure data obtained by
scheduling 1n the process shown 1n FIG. 6 1s stored in the
storing means of the personal computer, the reference pres-
sure data which correspond to the molding condition of the
detected pressure data (Pr(1) to Pr(N) transmitted are graphi-
cally displayed. If no reference pressure data 1s found which
corresponds to the molding condition, the reference pressure
data having the corresponding molding condition 1s calcu-
lated by the above described interpolating process and
displayed.

The present invention enables detecting the change of the
molding characteristic by the 1njection with the nozzle left
open and easily determining whether the change of the

molding characteristic 1s caused by the molding machine,
resin or mold.

What 1s claimed 1s:

1. A method for determining a molding characteristic of
an 1njection molding machine, comprising the steps of:

injecting a first resin having certain resin properties with
a nozzle left open and detecting an 1njection pressure
produced at that time using a pressure Sensor;

storing pressure data detected by the pressure sensor as
reference pressure data, together with screw position
data or time lapse data, 1n a storage device;
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injecting a second resin, having at least one different resin
property, with the nozzle left open and detecting an
injection pressure, using the pressure sensor, as
detected pressure data;

displaying the detected pressure data and the stored
reference pressure data on a display; and

determining a variation of the molding characteristic

based on the displayed data.

2. The method for determining a molding characteristic
according to claim 1, wherein the second resin has, as the at
least one different resin property, at least one of differences
of resin lot, drying temperature, mixing ratio of regenerant
and age.

3. The method for determining a molding characteristic
according to claim 1, wherein additional data including at
least one of the molding conditions while obtaining the
reference pressure data, date, and a kind of the first resin, 1s
simultaneously stored when the reference pressure data 1s
detected and stored.

4. The method for determining a molding characteristic
according to claim 1, wherein the display and the storage
devices are associated with a personal computer, a controller
of the injection molding machine i1s connected to the per-
sonal computer by a communication means, and said refer-
ence pressure data and detected pressure data are input in the
personal computer to be displayed on the display.

5. The method for determining a molding characteristic
according to claim 4, wherein additional data including at
least one of a code for identifying the imjection molding
machine, molding conditions while obtaining the data, date
and a kind of the first resin, are stmultaneously stored when
the reference pressure data 1s detected and stored.

6. A method for determining a molding characteristic of
an 1njection molding machine, comprising the steps of:

Injecting a first resin having certain resin propertics with
a nozzle left open under a plurality of preset molding
conditions, and detecting an 1njection pressure pro-
duced at that time by using a pressure sensor;

storing pressure data detected by the pressure sensor as
reference pressure data, together with screw position
data or time lapse data, 1n a storage device;

Injecting a second resin, having at least one different resin
property, with the nozzle left open under at least one of
the plurality of molding conditions where the reference
pressure data was obtained, and obtaining detected
pressure data with respect to the screw position data or
the time lapse data using the pressure sensor;

displaying the detected pressure data and the stored
reference pressure data on a display; and

determining a variation of the molding characteristic

based on the displayed data.

7. The method for determining a molding characteristic
according to claim 6, wherein said plurality of molding
conditions include at least a temperature of the nozzle, a
temperature of a cylinder and an injection speed.

8. The method for determining a molding characteristic
according to claim 6, wherein the second resin has, as the at
least one different resin property, at least one of differences
of resin lot, drying temperature, mixing ratio of regenerant
and age.

9. The method for determining a molding characteristic
according to claim 6, wherein additional data including at
least one of the molding conditions while obtaining the
reference pressure data, date and a kind of the {first resin, 1s
simultaneously stored when the reference pressure data is
detected and stored.
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10. The method for determining a molding characteristic
according to claim 6, where 1n the display and the storage
device are assoclated with a personal computer, a controller
of the imjection molding machine 1s connected to the per-
sonal computer by a communication means, and said refer-
ence pressure data and detected pressure data are input 1n the
personal computer to be displayed on the display.

11. The method for determining a molding characteristic
according to claim 10, wherein additional data including at
least one of a code for identifying the molding machine, the
molding conditions while obtaining the data, date, and a
kind of the first resin, 1s simultancously stored when the
reference pressure data 1s detected and stored.

12. A method for determining a molding characteristic of
an 1njection molding machine, comprising the steps of:

injecting a first resin having certain resin properties with
a nozzle left open under a plurality of preset molding,

conditions and detecting an injection pressure produced
at that time using a pressure Sensor;

storing a pressure data detected by the pressure sensor as
reference pressure data, together with screw position
data or time lapse data, 1n a storage device;

injecting a second resin, having at least one different resin
property, with the nozzle left open under an optional
molding condition to obtain detected pressure data with
respect to the screw position data or the time lapse data
using the pressure sensor;

finding interpolated reference pressure data with respect
to said optional molding condition by interpolating
from the reference pressure data stored 1n the storage
device;

displaying the interpolated reference pressure data and the
detected pressure data on a display; and

determining a variation of the molding characteristic

based on the displayed data.

13. The method for determining a molding characteristic
according to claim 12, wherein the plurality of molding
conditions includes at least a temperature of the nozzle, a
temperature of a cylinder, and an 1njection speed.

14. The method for determining a molding characteristic
according to claim 12, wherein the second resin has, as the
at least one different resin property, at least one of differ-
ences of resin lot, drying temperature, mixing ratio of
regenerant and age.

15. The method for determining a molding characteristic
according to claim 12, wherein additional data including at
least one of the molding conditions while obtaining the
reference pressure data, date, and a kind of the first resin, 1s
simultaneously stored when the reference pressure data 1s
detected and stored.

16. The method for determining a molding characteristic
according to claim 12, wherein the display and the storage
device are assoclated with a personal computer, a controller
of the imjection molding machine 1s connected to the per-
sonal computer by a communication means, and said refer-
ence pressure data and detected pressure data are input in the
personal computer to be displayed on the display.

17. The method for determining a molding characteristic
according to claim 16, wherein additional data including at
least one of a code for identifying the molding machine, the
molding conditions while obtaining the data, date, and a
kind of the first and second resin, are simultaneously stored
when the reference pressure data 1s detected and stored.

18. A method for determining a molding characteristic of
a 1mjection molding machine, comprising the steps of:

injecting a first resin having certain resin properties with
a nozzle left open under each of a plurality of preset
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molding conditions, and detecting an 1njection pressure
produced at that time using a pressure sensor;

storing pressure data detected by the pressure sensor as
reference pressure data, together with screw position
data or time lapse data, 1n a storage device;

Injecting a second resin, having at least one different resin
property with the nozzle left open under at least one of
the plurality of molding conditions and obtaming
detected pressure data with respect to the screw posi-
tion data or the time lapse data using the pressure
SENSOT;

displaying the detected pressure data and the stored
reference pressure data on a display; and

determining a variation of the molding characteristic

based on the displayed data.

19. The method for determining a molding characteristic
according to claim 18, wherein the plurality of molding
conditions includes at least a temperature of the nozzle, a
temperature of a cylinder, and an 1njection speed.

20. The method for determining a molding characteristic
according to claim 18, wherein the second resin has, as the
at least one different resin property, at least one of differ-
ences of resin lot, drying temperature, mixing ratio of
regenerant and age.

21. The method for determining a molding characteristic
according to claim 18, wherein additional data including at
least one of the molding conditions while obtaining the
reference pressure data, date, and a kind of the first resin, 1s
simultaneously stored when the reference pressure data is
detected and stored.

22. The method for determining a molding characteristic
according to claim 18, wherein the display and the storage
device are associated with a personal computer, a controller
of the 1njection molding machine 1s connected to the per-
sonal computer by a communication means, and said refer-
ence pressure data and detected pressure data are input 1n the
personal computer to be displayed on the display.

23. The method for determining a molding characteristic
according to claim 22, wherein additional data including at
least one of a code for i1dentifying the injection molding
machine, the molding conditions while obtaining the refer-
ence pressure data, date, and a kind of the first resin, are
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simultaneously stored when the reference pressure data 1s
detected and stored.
24. An 1njection molding machine, comprising:

a pressure sensor for detecting an injection pressure;

a storage device that stores pressure data detected by said
pressure sensor when a first resin having certain resin
properties 1s 1njected under molding conditions sched-
uled 1 advance with a nozzle 1n the injection molding
machine left open, in connection with at least one of
screw position or a time elapsed, as reference pressure
data; and

a comparator that outputs an alarm when detected pres-
sure data with respect to screw position or time elapsed,
obtained by 1njecting a second resin, having at least one
different resin property with the nozzle left open, under
the same molding conditions as that used 1n the injec-
tion of the first resin with the nozzle left open, exceeds
a set monitoring width of the reference pressure data.

25. The 1njection molding machine according to claim 24,
wherein the second resin, has, as the at least one different
resin property, at least one of differences of resin lot, drying
temperature, mixing ratio of regenerant and age.

26. The mjection molding machine according to claim 24,
wherein additional data including at least one of the molding
conditions while obtaining the reference pressure data, date,
and a kind of the first resin, are stored when the reference
pressure data 1s detected and stored.

27. The 1njection molding machine according to claim 24,
wherein the display and the storage device are associated
with a personal computer, a controller of the injection
molding machine 1s connected to the personal computer by
a communication pathway, and said reference pressure data
and detected pressure data are input in the personal com-
puter to be displayed on the display.

28. The 1mjection molding machine according to claim 27,
wherein additional data, including at least one of a code for
identifying the injection molding machine, the molding
conditions while obtaining the reference pressure data, date,
and a kind of the first resin, are stmultaneously stored when
the reference pressure 1s detected and stored.
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